Many associated pathologies may be encountered in rotator cuff repair, and one of the most common is the lesions of the long head of the biceps tendon (LHBT).[@B1] Preoperatively, it is difficult to determine whether the patient has an LHBT lesion in the presence of a rotator cuff tear. However, during rotator cuff repair, this concomitant pathology can be easily identified by arthroscopy and clinicians usually try to address it since it may affect clinical outcomes.[@B2][@B3] Lesions of the LHBT and surrounding tissues (e.g., partial tears, subluxation, or dislocation of LHBT and superior labral anterior and posterior \[SLAP\] lesions) and anterior or posterior biceps pulley tears (pulley lesions) are easily observed during rotator cuff repair.[@B4][@B5][@B6] Although various procedures have been shown to be effective for treating LHBT lesions during rotator cuff repair,[@B7][@B8] no consensus has been reached regarding the most effective treatment.

Biceps tenotomy is a recognized, successful procedure, which is relatively straightforward and time-saving, and has been reported to reduce pain effectively.[@B9][@B10] However, Popeye deformity, cramping pain, and strength loss due to distal migration of the tendon are always of concern. Thus, tenodesis of the LHBT has been recommended by some authors. It preserves normal tension and power of the biceps, and thus is preferred in some settings such as in relatively young patients or individuals whose work involves heavy lifting.[@B7][@B11] Subpectoral tenodesis of the LHBT has recently gained in popularity because it could address "hidden lesions" of the LHBT in the bicipital groove as well as providing satisfactory outcomes.[@B12] This technique is considered to address bicipital pathologies and provide better outcomes.

In this study, we retrospectively analyzed and compared the outcomes of tenotomy and subpectoral tenodesis conducted in the presence of a partial LHBT tear at the time of rotator cuff repair. We hypothesized that subpectoral tenodesis would have better overall functional outcomes.

METHODS
=======

This study was conducted using a retrospective, comparative design and was approved by the Institutional Review Board of Seoul National University Hospital (IRB No. H-1909-048-1063).

Inclusion and Exclusion Criteria
--------------------------------

Patients underwent concomitant rotator cuff repair and LHBT tenotomy or subpectoral tenodesis at our institute from December 2014 to November 2017. The following inclusion criteria were applied: (1) a full-thickness rotator cuff tear verified during arthroscopic rotator cuff repair, (2) biceps tenotomy or subpectoral tenodesis performed for the treatment of a partial LHBT tear (\> 50%), (3) an intact rotator cuff after repair, verified by magnetic resonance imaging (MRI; Sugaya grade 1--3) at 1 year postoperatively, and (4) functional evaluation at 1 year postoperatively. The exclusion criteria were revision surgery for a rotator cuff tear, partial-thickness rotator cuff tear, and complete LHBT rupture. There was no difference in indications between the tenotomy group and the subpectoral tenodesis group. The 2 procedures were performed consecutively at different time periods in patients with the same pathology. Tenotomy was used to treat patients with a partial LHBT tear from December 2014 to December 2015, and subpectoral tenodesis was used predominantly from January 2016 to November 2017. Of the 135 patients eligible, 41 (30.4%) were not followed up adequately, and thus were excluded from the analysis. In addition, postoperative MRI showed that 11 patients in the tenotomy group and 6 patients in the subpectoral tenodesis group had an unhealed rotator cuff at 1 year postoperatively, and these patients were also excluded. Finally, 77 patients were enrolled.

Surgical Technique and Group Allocation
---------------------------------------

All surgical procedures were performed by a single surgeon (SHK). Surgery was performed under general anesthesia with no additional nerve block. All patients underwent all arthroscopic repair of a full-thickness rotator cuff tear using the single row repair technique in the lateral decubitus position.

An arthroscope was introduced to the glenohumeral joint through a posterior viewing portal, and intra-articular pathologies were examined carefully, especially the biceps status. Biceps procedures (135 cases), either biceps tenotomy or subpectoral tenodesis, were performed in patients with a biceps lesion, with a tear \> 50%, in the index period ([Fig. 1](#F1){ref-type="fig"}). Tenotomy was performed using arthroscopic scissors to sever the biceps origin ([Fig. 2](#F2){ref-type="fig"}). For subpectoral tenodesis, the LHBT was tagged with a suture to assist locating the tendon in the subpectoral area. In all cases, the proximal stump was secured in front of the hiatus of the bicipital groove; no complete distal migration occurred through the groove. Subpectoral tenodesis was conducted as follows: a longitudinal incision (\> 2--3 cm in length) was made at the biceps, centered at the inferior margin of the pectoralis major tendon. Location of this incision was verified by muscle movement by pulling the previously placed LHBT tagging suture. After blunt dissection of the brachial fascia, the LHBT was easily found by superolateral retraction of the pectoralis major tendon sling. The LHBT was then pulled out ([Fig. 3](#F3){ref-type="fig"}), fixed using a soft anchor (JuggerKnot; Biomet, Warsaw, IN, USA), and sutured using a lasso-loop stitch ([Fig. 4](#F4){ref-type="fig"}).[@B13] Drilling and anchor insertion were performed with a guide in place directly underneath the pectoralis tendon at the tenodesis site. To maintain the length-tension relationship of the LHBT, it was sutured at the musculotendinous junction.[@B14]

After tenotomy or tenodesis, the arthroscope was moved to the subacromial space. Selective acromioplasty was performed in a heel type spur or a lateral projecting spur. Rotator cuff repair was performed in a standardized manner in all study subjects. In each case, cuff footprints were prepared using a motorized burr to cause surface bleeding. Anchors were inserted at the lateral footprint margin through a new accessory portal created by a small stab incision. Triple loaded all-suture anchors, Y-Knot RC (ConMed Linvatec, Largo, FL, USA), were usually used. Loaded sutures were passed through the tendon at 0.5--1 cm medial to its edge, using a flexible suture passer (Expressew; DePuy Mitek, Raynham, MA, USA). All knots were tied securely using a self-locking, sliding knot. The number of anchors used depended on the tear size: 1 anchor was used for small tears; 2--3 anchors, for medium to large tears; and ≥ 4 anchors, for massive tears.

Rehabilitation
--------------

The same rehabilitation protocol was used in the tenotomy and subpectoral tenodesis groups. Complete immobilization was maintained using an abduction brace for 5 weeks in all patients. During immobilization, elbow motions were restricted, and supination with resistance was avoided. However, hand grasp and release exercises were encouraged. After weaning from the brace, patients were instructed on how to perform passive assisted stretching exercises and active exercises in a gradual fashion (forward elevation, external rotation, and internal rotation, leading to active exercises). Return to sports was not allowed until 5 months after surgery.

Outcome Evaluation
------------------

Functional assessment was performed using a visual analog scale (VAS) for pain, American Shoulder and Elbow Surgeons (ASES) score, Constant score, Simple Shoulder Test, and University of California Los Angeles (UCLA) shoulder score preoperatively (at admission) and at 12 months postoperatively. Shoulder activity[@B15] and sports activity levels were also evaluated preoperatively and at 12 months postoperatively. A clinical researcher (YEC) who was not involved in this study collected functional results of the cohorts, and the senior author (SHK) examined patients at every visit. In all included cases, postoperative cuff integrity was evaluated by MRI at 1 year postoperatively. Cases of rotator cuff healing failure (Sugaya grade 4 and 5) were excluded for better comparison of the clinical outcomes of the 2 biceps procedures.

Statistical Analysis
--------------------

The analysis was performed using IBM SPSS ver. 23.0 (IBM Corp., Armonk, NY, USA). Group demographic data were compared using the Student *t*-test and the chi-square test. The Student *t*-test was used to compare outcome variables in the tenotomy and subpectoral tenodesis groups. Statistical significance was accepted for *p*-values \< 0.05.

RESULTS
=======

The analysis was performed using the results of 77 patients who underwent either tenotomy (n = 38) or subpectoral anchor tenodesis (n = 39). These 2 procedures were performed consecutively at different times. For all study subjects, the mean follow-up was 13.3 ± 4.36 months (13.2 ± 1.4 months in the tenotomy group and 13.6 ± 2.7 months in the subpectoral tenodesis group; *p* = 0.416). Indications for the biceps procedure were identical in both groups. Demographics and surgical data are summarized in [Table 1](#T1){ref-type="table"}. There was no statistically significant difference in demographic characteristics between the groups. Biceps groove tenderness, Speed\'s test, and Yergason test were positive in 27.3%, 27.3%, and 10.4% of the study subjects, respectively. Accompanying type II SLAP lesions, biceps subluxation, and biceps pulley lesions are listed in [Table 1](#T1){ref-type="table"}. No difference was evident between the 2 study groups. Postoperatively, all functional scores were significantly improved ([Table 2](#T2){ref-type="table"}), but no significant intergroup difference was observed even in shoulder muscle powers (all *p* \> 0.05). No patient showed a visible Popeye deformity at the final follow-up. In the tenotomy group, MRI at 1 year postoperatively revealed a tenotomized LHBT near the biceps hiatus ([Fig. 5](#F5){ref-type="fig"}).

No patient in either group complained of arm cramping. Eight patients in the tenotomy group and 7 in the subpectoral tenodesis group complained of mild anterior shoulder pain (*p* = 0.731). Groove tenderness was noted in 4 patients in each group (*p* = 0.969). There were no surgical or postoperative complications in either group.

DISCUSSION
==========

The main finding of this study is that tenotomy and subpectoral tenodesis conducted at the time of rotator cuff repair in patients with partial LHBT tears yielded similar clinical outcomes. The cuff healing status was evaluated by MRI at 1 year postoperatively and healing failure cases were excluded. Since biceps tenotomy or tenodesis is usually performed in conjunction with rotator cuff repair, cuff healing status would greatly affect clinical outcomes regardless of concomitant biceps procedures. In our series, failure to heal, as determined by MRI, occurred in 11 patients of the tenotomy group and in 6 patients of the subpectoral tenodesis group, and these patients were excluded from the study.

Surgeons who favor subpectoral tenodesis claim that suprapectoral tenodesis might be ineffective in improving bicipital groove tenderness because suprapectoral tenodesis might not address hidden bicipital groove pathologies,[@B12][@B16] resulting in persistent discomfort or pain.[@B17][@B18] However, it has been reported that persistent bicipital groove tenderness is common even after subpectoral tenodesis.[@B19] Furthermore, a recent large series study has shown that the location of tenodesis is not associated with the development of anterior shoulder pain, cramping, deformity, or subjective weakness outcomes.[@B20] The present study also showed that anterior shoulder pain and groove tenderness were present at similar frequencies in the subpectoral tenodesis and tenotomy groups at 1 year postoperatively. It is well known that tenotomized tendons tend to adhere to surrounding tissues including the bicipital groove.[@B21] Once tendon adhesion forms and no movement is anticipated at the groove, it might be reasonably expected that groove-related biceps problems would subside. In our series, all cases in the tenotomy group had the visible biceps tendon at or near the bicipital groove entry based on MRI findings.

Biceps tenodesis may result in postoperative pain at operated sites and adversely affect patient satisfaction,[@B19] while such pain is not a concern for biceps tenotomy. In our series, no patient complained of incision site or anchoring site pain after subpectoral tenodesis.

Numerous studies have compared the outcomes of biceps tenotomy and tenodesis. Biceps tenodesis is believed to preserve the normal tension-length relationship of the LHBT, to maintain elbow flexion and supination strength, and to result in less cramping pain and Popeye deformity than tenotomy.[@B7][@B22][@B23] By contrast, in 1 study, no outcome differences were observed even in young patients.[@B24] Nevertheless, some authors recommend biceps tenodesis because they consider it reduces the risk of Popeye deformity and better maintains length-tension relationships.[@B14][@B17] However, regardless of the presence of a Popeye deformity, comparative studies have usually failed to detect differences in clinical outcomes.[@B9]

In general, comparative studies on LHBT tenotomy and tenodesis have shown that a Popeye deformity tends to occur more frequently after tenotomy.[@B9][@B25] However, in the present study, no case of Popeye deformity developed in the tenotomy group, although it should be noted that subclinical distal LHBT migration was not recognized as a Popeye deformity. Rehabilitation or the immobilization protocol after tenotomy is another important consideration. It has been well established that biceps tenotomy enables short protection and early motion.[@B26] On the other hand, early motion, especially active elbow motion, may contract the biceps and cause the LHBT to migrate distally. Usually, elbow motion is allowed after rotator cuff repair to prevent elbow stiffness. According to our protocol, hand grasp and release exercises were encouraged during the 5 weeks of immobilization, but elbow motion was not allowed. A recent study on the pullout strength of LHBT showed that considerable force is needed to dislocate the LHBT from the bicipital groove, and thus the avoidance of forceful biceps contraction during the early postoperative period may lead to an "autotenodesis effect."[@B21] Numerous studies that evaluated the cosmetic results of tenotomy have reported that not all patients experience a Popeye deformity. In fact, the reported rates of Popeye deformity vary between 3% and 63%.[@B7][@B27][@B28]

Based on our findings, LHBT tenotomy might be a good option when performed in conjunction with rotator cuff repair for arthroscopically confirmed biceps pathology. However, we cannot conclude LHBT tenotomy would provide the same results in patients with isolated LHBT pathology without a rotator cuff tear.

This study has several limitations. First, muscle strength testing of elbow flexion and supination was not performed (forearm supination power should be measured by using a specially designed testing machine). A Popeye sign was not detected in either of the 2 study groups, but supination power may differ by method. Second, 30.4% of the candidate patients were excluded due to follow-up loss. The main reason for this was that patients refused to undergo evaluation, which included MRI, after their symptoms had subsided. Selection bias in each group would be trivial considering that the patient\'s condition was similar and the reason for dropout was the same. Third, it is possible that not all patients had a symptomatic biceps partial tear. The biceps procedures were undertaken based on arthroscopic findings not on preoperative biceps symptoms, and preoperative symptoms and signs of LHBT are difficult to recognize and even more difficult in the presence of a rotator cuff tear.[@B29] The specificities of the Speed\'s test and of bicipital groove tenderness for a biceps pathology in the presence of a rotator cuff tear are 45% and 57%, respectively.[@B30] In our series, bicipital groove tenderness, Speed\'s test, and Yergason test were positive in 27.3%, 27.3%, and 10.4% of the 77 study subjects, respectively. Fourth, all patients were followed up for at least 1 year postoperatively, but a longer-term follow-up is required to determine the ultimate prognoses of the 2 procedures. Fifth, we compared LHBT tenotomy and subpectoral tenodesis performed at the time of rotator cuff repair. We advise that extrapolation of our results should be performed cautiously because results may differ in younger patients with an isolated LHBT pathology, without a rotator cuff tear. Last, the sample size was relatively small. The study is underpowered due to small difference in each value with a wide standard deviation. For instance, based on the data on the ASES score, a sample size of 285 people should be assigned to each group to meet the statistical power of 0.8.

Both biceps tenotomy and subpectoral tenodesis performed during rotator cuff repair improved pain and function and resulted in comparable clinical outcomes. Residual symptoms with remnant LHBT in the groove may not be a problem after adhesion of the LHBT.
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![Partial tear of the long head of the biceps tendon involving more than 50% (asterisk). HH: humeral head, LHBT: long head of the biceps tendon.](cios-12-371-g001){#F1}

![After tenotomy, the biceps tendon (arrow) migrated distally, but it could be observed proximal to the bicipital hiatus. HH: humeral head.](cios-12-371-g002){#F2}

![The long head of the biceps tendon (asterisk) was pulled out from the bicipital groove through an incision centered at the inferior margin of the pectoralis major (dotted line: retracted pectoralis major).](cios-12-371-g003){#F3}

![Subpectoral tenodesis was completed using a soft anchor (JuggerKnot; Biomet, Warsaw, IN, USA) and sutured using a lasso-loop stitch. The remnant portion was severed.](cios-12-371-g004){#F4}

![Oblique coronal (A) and sagittal (B) magnetic resonance imaging scans show that the tenotomized long head of the biceps tendon (arrows) remains at proximal to the bicipital hiatus.](cios-12-371-g005){#F5}

###### Preoperative Demographics and Intraoperative Findings
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  Variable                                         Tenotomy group (n = 38)   Subpectoral tenodesis group (n = 39)   *p*-value
  ------------------------------------------------ ------------------------- -------------------------------------- -----------
  Age (yr)                                         59.3 ± 4.3                58.7 ± 5.5                             0.549
  Sex (male : female)                              17 : 21                   17 : 22                                0.919
  Dominant side involvement (yes : no)             29 : 9                    28 : 11                                0.651
  Biceps groove tenderness (yes : no)              9 : 29                    12 : 27                                0.458
  Speed\'s test (yes : no)                         13 : 25                   8 : 31                                 0.177
  Yergason test (yes : no)                         5 : 33                    3 : 36                                 0.341
  Overhead sports activity (low : medium : high)   34 : 3 : 1                33 : 1 : 5                             0.160
  Shoulder activity level                          5.7 ± 4.5                 5.7 ± 5.0                              0.975
  Preoperative pain VAS                            4.8 ± 2.6                 4.2 ± 2.5                              0.322
  ASES score                                       59.1 ± 21.2               65.8 ± 20.3                            0.161
  UCLA score                                       21.3 ± 5.7                21.8 ± 4.5                             0.668
  Constant-Murley score                            62.5 ± 16.0               67.3 ± 12.2                            0.112
  Simple Shoulder Test                             4.7 ± 1.8                 5.5 ± 2.2                              0.123
  Muscle power, FF (N)                             29.6 ± 17.5               32.3 ± 17.1                            0.492
  Muscle power, ER (N)                             29.3 ± 14.0               30.0 ± 14.6                            0.842
  Muscle power, IR (N)                             48.8 ± 19.1               52.9 ± 20.6                            0.374
  Acromioplasty (yes : no)                         22 : 16                   21 : 18                                0.721
  Tear size (small : medium : large : massive)     5 : 21 : 1 : 11           3 : 26 : 4 : 6                         0.232
  Type II SLAP lesion (yes : no)                   20 : 18                   17 : 22                                0.427
  Biceps subluxation (yes : no)                    9 : 20                    12 : 27                                0.485
  Presence of pulley lesion (yes : no)             28 : 10                   35 : 4                                 0.068

Values are presented as mean ± standard deviation unless otherwise indicated.

VAS: visual analog scale, ASES: American Shoulder and Elbow Surgeons, UCLA: University of California Los Angeles, FF: forward flexion, ER: external rotation, IR: internal rotation, SLAP: superior labral anterior and posterior.

###### Outcomes in the Tenotomy and Subpectoral Tenodesis Groups
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  Variable                 Tenotomy group (n = 38)   Subpectoral tenodesis group (n = 39)   *p*-value
  ------------------------ ------------------------- -------------------------------------- -----------
  Postoperative pain VAS   1.1 ± 1.8                 0.9 ± 1.3                              0.508
  ASES score               91.0 ± 11.5               93.7 ± 8.8                             0.260
  UCLA score               32.8 ± 2.7                33.5 ± 2.3                             0.262
  Constant-Murley score    79.3 ± 6.5                81.9 ± 7.6                             0.112
  Simple Shoulder Test     9.9 ± 2.3                 10.6 ± 2.1                             0.191
  Muscle power, FF (N)     45.0 ± 20.8               43.3 ± 16.7                            0.691
  Muscle power, ER (N)     39.3 ± 13.3               41.5 ± 14.5                            0.483
  Muscle power, IR (N)     64.7 ± 23.2               63.2 ± 21.3                            0.762

Values are presented as mean ± standard deviation.

VAS: visual analog scale, ASES: American Shoulder and Elbow Surgeons, UCLA: University of California Los Angeles, FF: forward flexion, ER: external rotation, IR: internal rotation.
